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SURGICALTECHNIQUESContinuous-flow left ventricular assist device implantation in the
presence of a hostile ventricular apexPavan Atluri, MD, Daniel J. Dymond, PA-C, and Y. Joseph Woo, MD, Philadelphia, PaManagement of a patient with a hostile ventricular apex
at the time of continuous flow left ventricular assist
device (LVAD) implantation is a challenging problem.
Patients with ventricular apical aneurysm, calcified
left ventricular apex, large mural thrombus burden, or
massive apical myocardial infarction with friable myocar-
dium may be unsuited to traditional LVAD implant
techniques. The survival of these patients relies on the
implantation of the LVAD with good inflow cannula posi-
tioning in the left ventricle. We describe a novel implant
technique for a HeartMate II LVAD (Thoratec Corp,
Pleasanton, Calif) in a patient with a heavily calcified
left ventricular apex.FIGURE 1. A, Extensive ventriculotomy and debridement of thrombus from t
Dacron polyester fabric graft and standard HeartMate II inflow cannula. C, Stand
around the ventriculotomy. D, Inflow cannula graft secured to the neoventricular
F, Intraoperative image after outflow anastomosis to the ascending aorta. G, Intra
of the inflow cannula (arrow).
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A 66-year-old woman had sustained a proximal left ante-
rior descending coronary infarct in 2002. Multiple percuta-
neous coronary interventions were performed without
revascularization of the anterior left ventricular wall. Dur-
ing the ensuing years, ischemic cardiomyopathy developed,
with marked hemodynamic compromise (ejection fraction
15%) and significant limitation of the patient’s activities
(New York Heart Association class IV heart failure).
After a sternotomy, it was evident that a large portion of
the left ventricle and apex was heavily calcified. Transeso-
phageal echocardiography demonstrated a large amount of
thrombus within the ventricular cavity. With care taken to
avoid manipulation of the ventricle and thus risk embolism,
the patient was placed on cardiopulmonary bypass with
standard ascending aortic arterial and right atrial dual-
stage venous cannulation. The apex was then exposed,
and a ventriculotomy was made. The myocardium was
very calcified and friable. It was judged that sutures could
not be placed with adequate hemostasis. In addition,
adequate debridement of the apical thrombus could not be
performed through the limited ventriculotomy, thereby
increasing stroke risk. At this stage, the decision was
made to excise the entire ventricular anteroapex andhe endocardial surface. B, Inflow cannula graft that was constructed with a
ard placement of circumferential polytetrafluoroethylene pledgeted sutures
apex. E, Standard insertion of the HeartMate II left ventricular assist device.
operative transesophageal echocardiogram demonstrating optimal position
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FIGURE 2. Artist’s rendering of a potentially closer to optimal conical
Dacron polyester fabric graft to facilitate HeartMate II left ventricular
assist device implantation after left ventricular apical resection.
Surgical Techniquesthoroughly debride all thrombus from the left ventricular
cavity (Figure 1). Next, an inflow cannula graft was fash-
ioned from the standard HeartMate II inflow cannula and
a Dacron polyester fabric graft. The graft was sized to the
diameter of the ventriculotomy. A hole the diameter of the
inflow cannula was made in the center of the graft, and
the standard HeartMate II cannula was inserted from the
ventricular surface of the Dacron graft. This cannula was
secured to the Dacron graft with a running 4-0 Prolene
(Ethicon, Inc, Somerville, NJ) suture line. Standard inter-
rupted, pledgeted 2-0 Tevdek (Teleflex Incorporated,
Research Triangle Park, NC) sutures were placed circum-
ferentially from the epicardium to endocardium. The su-
tures were then passed through the Dacron graft
circumferentially, from the ventricular surface, and tied.
The myocardial graft interface was secured with biologic
glue. At this stage, the HeartMate II LVAD cannula was
inserted and secured in standard fashion. Intraoperative
transesophageal echocardiography demonstrated good
positioning of the inflow cannula.
The patient had an uneventful postoperative recovery and
was discharged to rehabilitation without incident. Standard
anticoagulation with 81 mg aspirin and warfarin sodium
(goal international normalized ratio of 1.8-2.5) was982 The Journal of Thoracic and Cardiovascular Surginstituted. The patient did not have any neurologic events.
She is doing very well without adverse events or pump-
related issues 7 months after the implantation.
DISCUSSION
The presence of a hostile ventricular apex should not pre-
vent implantation of a continuous-flow LVAD. The novel
technique described here provides the capacity to implant
a HeartMate II LVAD in nontraditional situations in which
a significant ventriculotomy may be needed for either man-
agement of the apex or exposure to the ventricular cavity.
Specific uses for this graft include left ventricular aneu-
rysm, massive thrombus requiring a larger than normal
exposure to evacuate the ventricle, previous left ventricular
aneurysm surgery, massive acute infarct with a necrotic
apex, post–myocardial infarction ventricular septal defect,
a thin apex with concern for the ability to obtain hemostasis,
a calcified apex (as in this case), previous transapical sur-
gery, previous LVAD, and conversion from a Thoratec para-
corporeal ventricular assist device to HeartMate II LVAD.
We have previously published our results with apical inflow
cannulation after an acute myocardial infarction. Although
this can be safely performed, it may be optimal to resect
nonviable, friable myocardium and suture to healthy muscle
with a graft as described.1 Numerous reports have demon-
strated superior hemodynamics with direct ventricular can-
nulation relative to alternative cannulation strategies, such
as atrial cannulation.2-5 This technique would be highly
applicable to conditions that would have forced a surgeon
to consider nonventricular cannulation strategies for a
ventricular assist device. An optimized conical Dacron
graft prefashioned to the connector would be highly
versatile for use in all these scenarios (Figure 2). Because
of the fixation of the HeartMate II LVAD in the subrectus,
preperitoneal space, the inflow cannula can be optimally
positioned without compromised inflow.
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